Continued fractions have been applied to digital filters in the frequency domain. These techniques include methods to compute optimal coefficients for rational transfer functions of digital filters and the realization of ladder forms for digital filtering.
Introduction
The purpose of this paper is to show the connections between continued fractions(CFs) and digital filters. In addition, recent improvements in the implementation of CF algorithms open up their use to many digital filtering applications insoftware and hardware.
Rational Approximations and Continued Fractions
Signal processing and other data-intensive applications require fast approximation of specific elementary and nonelementary functions. In general, functions are approximated either with polynomials or rational functions (the ratio of two polynomials). More particularly, for many functions rational approximations converge faster than polynomial approximations.
Rational approximations offer efficient evaluation of elementary functions represented by the ratio of two polynomials.
(1) 
CFs and Digital Filters in the Frequency Domain
Continued fractions can be applied to several tasks in digital fi lteri np: 
From transformations T' and T" we obtain the following iteration equations:
The state-machine is shown in figure 2. Drawing the iteration equations in a signal-flow-graph (an unconventional way of looking at arithmetic algorithms) we obtain figure 3.
The signal flow graph resembles a markov-chain, but more interestingly resembles the ladder form for stable digital filters shown above.
Details on the derivation of iteration equations for higher degree polynomials and further explanations can be found in [8] [9] . For efficient hardware implementation of the above algorithm we use the M-log-Fraction Transform (MlT) to instantly convert between digits of binary numbers and the digits of the M-log-Fraction: 
Applying tbe M-log-Fraction to the input and output CF in the positional algebraic algorithm yields rational arithmetic units based on 'shift and add' primitives.
CF: and Digital Filters in the Time Domain Applying the MFT to Digital Filtering
The previous section proposes a digit-serial continued fraction arithmetic unit computing the bilinear transformation MFT coefficients (ai, b,, q, and 4 ) for the proposed filter can be adapted to improve or alter the characteristics of the filter. Note that the resulting filter is non-linear, but closely related to the initial FIR filter.
We,use the mean square error (MSE) as the metric to compare the Wr performance. Given a target transfer function F ( z ) (for low pass filter) and the actually achieved transfer functioo H ( r ) , the MSE can be computed as fol- naturally extended to any linear filter. The next step is to find application domains that can make optimal use of the non-linearities modeled by the MFT-filter. 
